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In conducting the research reported here, the investigators

adhered to "Principles of Laboratory Animal Care" as estab-
lished by the National Society for Medical Research.
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ABSTRACT

Intravenous injection of mice with a massive dose of Coccidioldes
immitis fungal elements caused a moderate inflammatory response after
6 hours. It was composed of small focal collections of lymphocytes
and neutrophils surrounding the rounded fungal elements in the mouse
lungs. No further change was noted at 24 hours. Spherules with
endospores varying in diameter from 15 to 40 microns were seen at
48 and 54 hours. Neutrophils persisted throughout this time and
increased only minimally; the lymphocytic response was more marked
at these later observations.
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I. INTRODUCTION

Studies of the histologic responses of the host to infection by
Coccidioides immitts have not been described for the very early stages
of the disease. Forbus and BestebreurtjeI studied tissues obtained
from patients at autopsy; Tager and Liebowa used mice that were
sacrificed at various times after infection. The latter used intranasal
and intraperitoneal methods of infection, but could not trace the
develorment of the tissue response between 9 hours and 4 days. Tarbet
et al. used the intraperitoneal route of injection and found the first
evidence of response at 20 hours after injection. In studies both of
tissues from patients with coccidioidomycosis and of mice experimentally
infected, a regular pattern of response was observed: Spherules
attracted mononuclear cells; these accumulated and almost completely
replaced the polymorphonuclear leukocytes that had dominated the earliest
stages in the development of the spherule.

The present investigation was designed to observe in the mouse lung,
the early stages of tissue response to large numbers of viable C. immitis
arthrospores and hyphal fragments injected intravenously. The route
and large dose used would allow very early accurate observations of the
tissue reactions.

II. MATEBIALS AND METHODS

Mature, male, white, Swiss mice, Webster strain, born and raised at
the Fort Detrick animal farm and weighing 25 to 30 grams each were used
for this investigation. The inoculum, C. immitis, strain Silveira, grown
on Sabouraud agar slants for 4 months at 34 C, was removed from the slants
by scraping with a stiff wire after the addition of a 0.01% aqueous
solution of triethanolamine oleate. The fungal elements were broken
up by shaking with glass bead, Ten animals received an injection of
0.25 ml of the fungal suspension and the remaining seven received 0.1 ml,
shown by plate counts to contain 1,600,000 and 2,900,000 viable
particles respectively. Two animals receiving the higher dose died
immediately after injection.
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The animals that survived the challenge inoculation were sacrificed by an
overdose of Nembutal, three each at 6, 24, 30, 48, and 54 hours after
challenge. Animals receiving both dose levels were sacrificed at each time
interval, except the 30-hour group, which consisted of three animals
receiving the lower dose. One nc.infected control animal was sacrificed at
the 54-hour period. The lungs of all animals were fixed in 10% buffered
formalin; tissue sections were stained by the Giemsa or Gomori technique.

A second series of 21 animals were similarily injected, but with dead
arthrospores. One million dead arthrospores, as determined by direct
microscopic count, in 0.5 ml of TEO solution, were administered to each
animal intravenously. Three animals each were sacrificed at 0, 19, 25,
43, 50, 68, and 73 hours. Animals were sacrificed and tissue preserved as
previously described.

III. RESULTS

In the two animals that died immediately after challenge, the pulmonary
vessels were diluted and contained tangled masses of branching septate
hyphae, some of which appeared to be swelling and assuming a spherical form
(Figure 1). It is assumed that this swelling occurred before injection
and was not a result of interaction with the mouse tissue. These fungal
elements, although visible with the Giemsa stain, were clearer and more
prominent with the Gomori stain. No cellular reaction was elicited at this
time. One mouse had pre-existing chronic murine pneumonia (CMP) in one
lung. A few fungal elements were also seen in the large vessels of the
heart and liver. The spleen and lymph nodes exhibited hyperplasia of the
lymphocytic elements.

Six hours aiter challenge, the pulmonary vasculatuze again contained
tangled masses of fungal elements. However, a moderate inflammatory
response, characterized by small focal collections of lymphocytes with
some neutrophils, was noted for the first time. In most instances the
inflammatory cells surrounded the rounding arthrospores and hyphal elements.

At 24 hours the only animal receiving the larger challenge dose exhibited
CMP in one lung; however, the opposite lung was similar to that seen in the
6-hour sacrifice except that there was an increase in the size and number
of cellular collections around the fungus cells. Jnterestingly enough, the
two mice receiving the smaller challenge exhibited a more marked cellular
response. There was no increase in the number of neutrophils scattered
among the lymphocytes; fungal elements increased in number and appeared
rounded (Figure 2). They measured 6 to 8 microns in diameter.
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Figure 1. Tangled Mass of Fungal Elemuents in the Pulmonary V'sculature
Imediately aftet Injertion. Comori Stain, 350X.

Figure 2.Typical ROLnd1cd Form Sren in the Lunga at 24 Hourzi.
C'ort Stain, 35OX.
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The three mice sacrificed at 30 hours showed essentially the same
histopathological changes as the 24-hour animals. However, at 48 hours,
regardless of dose, definite spherules were seen for the first time (Figure 3)
and they increased in size and number by 54 hours (Figure 4). The spherules
varied in size from 15 to 42 microns and were in various stages of develop-
ment. Endospores were observed at 48 and 54 hours. Neutrophils persisted
for the duration of the experiment and increased only slightly in number
in the later stages. In general, the lymphocytic response was more
marked at this time. The uninoculated control mouse sacrificed at 54 hours
was not remarkable.

In the second portion of the experiment, in which mice were injected
intravenously with dead arthrospores, the earliest histopathologic changes
were seen in the lungs at 19 hours. These consisted of small focal
collections of lymphocytes containing a few neutrophils. This pattern
persisted throughout the experiment and did not change appreciably with
time. At no time were fungal elements demonstrated.
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Figure 3. Spherule Surrounded b" Lumphicctes and ani Occasional
Neut rophi 1 at 48 H uirs C icisa Stain, 3 0

Fiur 4. Sphov ru ici n VartIotio St Age s ot Deve I uimnt in Li.% of
Rouse Sacz-l! Iced At 54 lo,tr5. Note -list the largest

ophe run1 is slig ht ly out of I ocw hilt a;pparent v reatd
to rt-lease endoaoreN Ncut ro;'h il , cn he readilv
Wdent I f led. ( irmoa Stain, S'uJX.
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IV. DISCUSSION

Tarbet et al.3 in his comprehensive report stated that young spherules
elicited a neutr philic cellular response, whereas the mature forms attracted
epithelioid cell , Release of endospores again elicited neutrophils and the
cycle was repeated. However, in contrast to the findings of Tarbet et al.
the response in this investigation was primarily lymphocytic. As early
as 6 hours, the principal cellular collections surrounding the invading
fungus cells were lymphocytic, with only a few neutrophils. As the spherules
matured there was a marked increase in the size of the inflammatory foci
but the number of neutrophils increased only slightly. At no time were
epithelioid or giant cells seen. Because no endospores were released, there
was no opportunity to study the later aspects of the cycle described by
Tarbet et al.

Spherule development fo' 'owir', intravenous injection was similar to that
reported by other workers-.- Rounded forms were seen at 24 hours that
could have been young spherules (Figure 2). Definite spherules with
endospore formation were observed at 48 and 54 hours.

I At , -•



11

LITERATURE CITED

1. Forbus, W.D., and Bestebreurtje, A.M. 1946. Coccidioidomycosis: A
study of 95 cases of the disseminated type with special reference to
the pathogenesis of the disease. Mil. Surgeon 99:653-719.

2. Tager, M., and Liebow, A.A. 1942. Intranasal and intraperitoneal
infection of the mouse with Coccidioides immitis. Yale J. Biol. Med.
15:41-51.

3. Tarbet, J.E., Wright, E.T., and Newcomer, V.D. 1952, Experimental
coccidioidal granuloma; developmental stages of sporangia in mice.
Amer. J. Pathol. 28:901-917.

4. Baker, E.E., Mrak, E.M. and Smith, C.E. 1943. The morphology, taxonomy,
and distribution of Coccidioides inmmitis, Rixford and Gilchrist.
1896. Farlowia 1:199-244.



13

DISTRIBUTION LIST

NUMBER OF NUMBER OF
ADDRESSEE COPIES ADDRESSEE COPIES

Assistant Scientific Director 1 Liaison Representative 5
Building 812 Animal Disease Investigations

Building 1301
Directorate of Biological Research 1
Building 560 U.S. Public Health Service

Liaison Office 9
Directorate of Development 1 Building 1301
Building 824

Commanding Officer 3
Directorate of Industrial Health U.S. Naval Unit

and Safety 1 Building 125
Building 550

Commander
Chief, Program Coordination Office 1 U.S. Army Edgewood Arsenal
Building 812 ATTN: SMUEA-CS

Edgewood Arsenal, Maryland, 21010

Chief, Aerobiology Division 1
Building 459 Commander 2

U.S. Army Edgewood Arsenal
Chief, Biomathematics Division I ATTN: Librarian
Building 1422 Edgewood Arsenal, Maryland, 21010

Chief, Medical Bacteriology Division 1 Commanding General
Building 560 U.S. Army Munitions Command

ATTN: AMSMU-SS-CS

Chief, Medical Investigation Division I Dover, New Jersey, 07801
Building 6044

Commanding General

Chief, Physical Sciences Division 1 U.S. Army Munitions Command
Building 568 ATTN: AMSMU-RE-R

Dover, New Jersey, 07801
Chief, Technical Evaluation Division 1
Building 568 Commandant

U.S. Army CBR Weapons
Chief, Virus and Rickettsia Division 1 Orientation Course
Building 539 Dugway Proving Ground

Dugway, Utah, 84022
Documents, Technical Library 2
Technical Information Divijion Commanding General 2
Building 426 DeL2ret Test Center

ATTN: Technical Library
Test Chamber Branch 1 Fort Douglas, Utah, 84113
Technical Evaluation Division
Building 1412 Commanding General

U.S. Arny Materiel Command
Technical Releases Branch 10 Research Division, AMCRD-RC
Technical Information Division R&D Directorate
Building 426 Washington, D.C., 20315

Editorial Branch 1 Assistant Chief of Staff
Technical Information Division for Force Operations
Building 816 Department of the Army

ATTN: Technical Coordinator (B)
U.S. Army Medical Unit CBR & N Directorate
Building 120 Room 3A480, Pentagon Building

Washington, D.C., 20310

I'



14

NUMBER OF
ADDRESSEE COPIES

Defense Documentation Center 20
Careron Station
Alexandria, Virginia, 22314

Biological Branch 1
Detachment 4, RTD (ATCB)
Eglin Air Force Base, Florida, 32542

Commander 1
APGC (PGBAP-1)
Eglin Air Force Base, Florida, 32542

Dr. S.H. Madin 1
Scientific Director
Naval Biological Laboratory
Naval Supply Center
Oakland, California, 94614

Commander (Code 4036) 1
U.S. Naval Ordnance Test Station
China Lake, California, 93557

Commanding Officer and Director 1
U.S. Naval Applied Science Laboratory
Naval Base, Code 9440
Brooklyn, N.Y., 11251

U.S. Army Medical R&D Command I
Office of the Surgeon General
ATN: MEDDH-C
koom 2526, Main Navy Building
Washington, D.C., 20315

Commandant 2
U.S. Army Chemical Center and School
ATTN: Biological Branch
Fort McClellan, Alabama, 36205

LCDR George M. Lawton, MC, USN 2
Medical Director
Naval Amminition Depot
Crane, Indiana, 47522

Chief, Process Development Division 1
Building 469

Chief, Special Operations Division i0
Building 1412

A.



Unclassified

Security Classification

ONSE OF OCCDIOIOM OCUMEINT COUE UGAENTROLEOU INJECTOND

( O Scuri~tyV NO'5si (ctiop of itle. bado ahntcl.t ard a.)- I.....r- -,f,4

I AUTHOR( TI GLc nACT .7Yr. Crorate auitho) 2,"~ R ~lFlt -FC i

SUnS.i Army T.lgclLbrtoisUcasfe
Sot Petric, JredrcMrlad.10

3 RIEPORT TTLE f~ OA OO AP bN FA

4 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ Ci reporIENt) (ye.1rprtn ml- dt,

50 AvAOR ILBLavnPtY., LIMITTIO -NO TIES

Relesei orannunemn tT.

II SEPPLMTDAR7YTOA NOTS1 SP OORN MIIARYS 7hTIVITYEF

U.S. Army Biooagica 4aoatre

b. ROJCT OC5Fort05 Tetrnical Fredecrick, Mayan,210

Qualifed of usall moal olltaionis of ltmhocte pbiado feropml surounin

threig ronedoun eementdsseinten mof luns. Noblfuter chnge wis notedthrie

Rlats2 hor. Sphu~nerues wi th, enopoe vnynoitimte rm15t

Imaencrese nyin oily wtha ymasosie roesonsa mocdorde mmked

atthes lou er obsa eervts.i os ug.N frhrcag a oe

DDJiAN M.43Unclassifiled
Security Classification

AP


